Abstract. Weak part analysis of a system is a key element in a system reliability quantification process. It enables the weakest areas of a system to be recognized and assists in directing remedial measures for improving the system reliability. This paper proposes an unreliability tracing technique for a ring shipboard distribution system. The case studies indicate that the developed technique can distribute the system unreliability indices to components reasonably, and can therefore be used to recognize the weak parts of a shipboard power system.
Introduction
The complexity in the structure of the shipboard power system is increasing due to a continuous increase in the number of components. Each component in the shipboard power system has a different impact on the system unreliability. Considerable studies have been done in the development of reliability modeling techniques and algorithms and risk analysis [1] [2] [3] [4] [5] [6] [7] [8] [9] , but there has been relatively little research on the unreliability tracing (UT) technique. References [10] [11] present a quantitative assessment of the contribution of a selected component to the system unreliability and it will be useful to identify the weak parts of the system. This information can provide the power system planners and operators with useful information in reliability assessment.
Reliability tracing based on the minimal cut set
Minimal cut set method The minimal cut set (MCS) is a set of system components, which when failed, causes failure of the system but any one component of the set has not failed, does not cause system failure [1] [2] [3] . These MCSs are considered to be in series, but the components in the MCS are considered to be in parallel.
The unreliability s Q of a system is given by
Where the ith MCS is designated as i M , its occurrence probability is designated as ( ) i P M , and N is the number of MCS.
According to the addition formulas, s Q of a system can be calculated as follows:
It is assumed that the unreliability of the ith component i
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The unreliability of a network s Q can be calculated based on (2) and (3).
Tracing principle
The purpose of using the unreliability tracing technique is to determine the allocation proportion of these failure components to the unreliability of the system. This paper presents the following two UT Principles:
(1)FCSP: Only the failed components take on the responsibility for the system unreliability. In other words, the healthy components are not considered in the unreliability tracing.
(2)PSP: The reliability indices are proportionally distributed among all the system components according to the proportional sharing principle.
Assume a system consisting of N components ( 1, 2,..., )
represent a reliability index of a state, such as LOLP, FLOL, and EENS, which is the function of 1 2 , ,..., N x x x . As an example, consider a failure state resulting from the outage of 1 C and 2 C . It is assumed that 1 2 ( , ,..., )
can be divided into three separate terms. The first term 1 1 ( ) x  is only related to 1 C , the second term 2 2 ( ) x  is only related to 2 C and the third term 3 4 ( , ,..., )
N x x x
 is related to other components. Thus
Only the failed components 1 C and 2 C are responsible for the particular system failure state. The terms ( 1) C . According to the PSP, the two terms can be obtained from equations (5) and (6).
It can be seen from equations (5) and (6) that this principle has two features:
(1) Symmetry. This means 1 C or 2 C is only a symbol and it can be used to represent any component.
(2) Identity. This means that
Indices of reliability tracing
The basic reliability indices are the loss of load probability (LOLP), loss of load frequency(LOLF), expected energy not supplied(EENS) and so on.
Based on the reliability evaluation principle, the system index LOLP for a power system is given by [2] :
Where  is the set of all system failure states with loss of load in a given time interval, ( ) p k is the probability of a system failure state k .
The tracing result of the reliability index LOLP for component i C with all system states is given by:
Where ( ) p k i  is the probability distribution results of component i C . The UT index LOLP% for individual components is defined as follows:
The proposed index LOLP% indicates the percentage contribution of component i C to the system UT index. In other words, a high the magnitude of LOLP% for a component indicates high impact of the component on the overall system unreliability.
Reliability analysis of shipboard distribution systems
Topological network model of shipboard distribution systems Generally speaking, the network structures of shipboard power system mainly include three types as follows: radial network structure; ring network structure; zonal network structure. The ring shaped shipboard distribution system is shown in Figure 1 . The topology model of this ring shaped shipboard distribution network is shown in Figure 2 . In order to calculate the LOLP index of the edges, this paper calculate failure rate  , repair time r , planned maintenance rate  and planned maintenance time t based on series system model. Algorithm for tracing the unreliability of shipboard distribution system The algorithm to find the weak parts of the shipboard distribution system are shown as follows:
Step1: read the system data and compute the trend of normal state; Step2: enumerate fault events, obtain system state; Step3: calculate the reliability indices of above system state; Step4: based on reliability tracing principles, the reliability index can be distributed to individual failed components. Calculate reliability tracing index of every component.
Step5: judge whether the enumeration of fault state is end, if not, turn to step2; Step6: sort the reliability tracing index, find the weak parts of the shipboard distribution systems.
Analysis of simulation result A computer program coded in matlab7.1 has been developed based on proposed algorithm. The ring shaped shipboard distribution system shown in Figure 1 is used to demonstrate the effectiveness of the proposed method for tracing the LOLP index. The results for the ring shaped shipboard distribution system are shown in Table2. same unreliability tracing results. This is because they have the same locations, reliability, and electric parameters. So they have the same contributions to the system unreliability.
The results also show that the greatest impact on the system reliability index LOLP consists of 1 4 b b  and 9 12 c c  . Therefore, they are the weak parts of the ring shaped shipboard distribution system.
Conclusion
This paper focuses on the reliability analysis of shipboard power system. The MCS method is a useful approach for evaluating the reliability of a complex network. The PSP and the algorithms for tracing the unreliability are proposed in this paper. The proposed technique provides a new idea for evaluating the impact of components on the shipboard power system unreliability. The UT results can be used to recognize the weak parts of the shipboard power system, and provide useful information for improving the system reliability performance. In addition, the proposed UT technique can be easily implemented on the existing reliability evaluation programs, and conveniently expanded to other types of shipboard power system.
